Purpose: Papillary thyroid carcinomas (PTCs) and medullary thyroid carcinomas (MTCs) have always been considered different in terms of their incidence rates, cell origins, and histopathological features. Simultaneous occurrence of both disease entities is very rare. Methods: We describe a series of cases with simultaneous MTC and PTC occurrences in the thyroid gland. Results: From 2,897 patients (mean age, 49.2±12.5; 81% women) who underwent thyroidectomy for cancer between 2000 and 2015, we reviewed 11 cases of simultaneous occurrence of MTCs and PTCs. Multifocal PTC with simultaneous MTC was detected in 5 of the 11 cases (45%). Of these PTC patients, 2 had 2 foci, 2 had 3 foci, and 1 had 4 foci. There was 1 case of multifocal MTC with solitary PTC. One patient presented with "composite thyroid carcinoma" with mixed features of MTCs and PTCs. Eight patients (72%) presented an association with diffuse lymphocytic thyroiditis. The sizes of the tumors were 1.95±0.23 cm vs. 1.20±0.20 cm for PTCs and MTCs, respectively (P=0.531). The prevalence of extrathyroidal extension was 33.1% vs. 30.2% for PTCs and MTCs, respectively (P=0.282). All patients underwent total thyroidectomy and central neck node dissection. Radio iodine was delivered to 44% of patients. Follow-up review revealed 9 disease-free patients and 1 with local neck recurrence, while 1 patient died due to non-thyroid reasons. Conclusion: There are only 30 reports describing a total of 50 cases in the English literature regarding concurrent PTC and MTC in the same gland. This study represents one of the largest case series. Whether the incidence of another cancer in these patients is coincidental, or due to the possible activation of a common tumorigenic pathway for both follicular and parafollicular thyroid cells, remains to be elucidated.
INTRODUCTION
Papillary thyroid carcinoma (PTC) is the most common histological type (75%-80%) (1) . It derives from the follicular cells of the median endodermal enlargement from the tongue (1). 
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Cohexisting Medullary and Papillary Thyroid Cancer
PTC produces thyroglobulins and thyroid hormones (1) . Medullary thyroid carcinoma (MTC) represents only 5%-8% of thyroid cancers (2) . MTC has a different embryological origin; it derives from parafollicular cells of the ultimobranchial body of the neural crest. MTC secretes calcitonin and other hormonal peptides, and is considered a part of the amine precursor uptake and decarboxylation system of the thyroid (2) . MTC may occur either as a hereditary or as a nonhereditary entity. Hereditary MTC can occur either alone as the familial MTC (FMTC) or as the thyroid manifestation of multiple endocrine neoplasia type 2 syndromes (2).
PTC is characterized by the presence of papillae and specific cellular changes, such as epithelial cells situated on basal membranes covering stromal fibers and thin capillaries, round laminated calcifications (psammoma bodies), ground-glass nuclei, and cytoplasmatic pseudoinclusions (1) . MTC is composed of solid nests and infiltrating formations of polygonal or spindle-shaped cells, oxyphilic small cells, and sometimes, anaplastic features. The presence of amyloidal deposits and positive immunohistochemistry usually confirms the diagnosis of MTC (2).
Patients with PTC have the highest 10-year relative survival rates (98%). The prognosis of MTC is generally worse than PTC (70%-80%) (1, 2) . PTC happens to be a multicentric tumor and tends to spread to the regional lymph nodes (LNs) in the early stage of the disease (1). In fact, PTC is associated with cervical LN metastases in 30%-90% of patients (1) . FMTC is often multifocal and bilateral (2) . The incidence of positive LNs correlates with the size of the primary lesion at the time of diagnosis; 60% of patients have positive LNs if the MTC is larger than 2 cm (2).
PTC and MTC have always been considered different from each other in terms of their incidence rates, cell origins, and histopathological features. The concurrent occurrence of both in the same patient is rare; in fact, there are only 30 reports describing a total of 50 cases in the English literature (3, 4) . This report describes a series of 11 cases of this rare association and the different theories that can justify it. Unique pathological figures are presented.
METHODS
Under a protocol approved by the Institutional Review Board at University of Insubria, we performed a retrospective review of patients who underwent thyroid surgery in a 15-year period between April 2000 and February 2015 with a diagnosis of a primary lesion. Slides were re-reviewed by thyroid pathology sub-specialists. We collected information on patient demographics, nodule size, multifocality, extrathyroidal extension, extent of surgery, and LN metastasis. Solitary disease was defined as a single cancer identified in the entire thyroidectomy specimen; multifocal disease was defined as more than one cancer focus identified in either a single lobe or in both thyroid lobes; and bilateral/contralateral disease was defined as more than one cancer focus identified in both thyroid lobes. Data were analyzed using IBM SPSS Statistics, version 21.0 (IBM Corp., Chicago, IL, USA). Significance was defined as P≤0.05. The study was ethically conducted in accordance with the Declaration of Helsinki. Written consent of these patients was obtained for publication.
RESULTS
From 2,897 consecutive patients (mean age, 49.2±12.5 years; 81% women) who underwent thyroidectomy for cancer between 2000 and 2015, we identified and reviewed 11 cases of simultaneous occurrence of MTC and PTC, thus with an overall prevalence of 0.37% in the surgically treated patients ( Table 1) . Family history of PTC was present in 1 of the 11 cases (9%). All cases were sporadic MTCs. No hereditary MTC was found in this series, both multiple endocrine neoplasia type 2A (MEN2A), multiple endocrine neoplasia type 2B (MEN2B) or FMTC based on specific germline mutation of rearranged during transfection (RET) protooncogene. There was no history of previous neck or mediastinal radiotherapy. Smoking habits were present in 10% of the cases. All cases were found incidentally by pathological analysis after surgery. Multifocal PTC with simultaneous solitary MTC was detected in 5 of the 11 cases (45%), and included the familial PTC case. Of these PTC cases, 2 had 2 foci, 2 had 3 foci, and 1 had 4 foci. There was only 1 case of multifocal MTC with solitary PTC. One patient presented with "composite thyroid carcinoma" with mixed features of MTC and PTC found in the isthmus of the gland. The other 4 cases were distinct PTC and isolated MTC. Eight of the 11 cases (72%) presented an association of these tumors with diffuse lymphocytic thyroiditis (LT). Some unique pathological features are presented in Figs. 1-3 . The sizes of the tumors were 1.95±0.23 cm for PTC vs. 1.20±0.20 cm for MTC (P=0.531) and the prevalence of extrathyroidal extension was 33.1% for PTC vs. 30.2% for MTC (P=0.282). All patients in this series underwent total thyroidectomy and central neck node dissection. Radioactive iodine (RAI) was delivered in 44% of the total patients. The incidence of LNs metastasis revealed by central LN dissection was slightly higher, albeit not indicative, for PTC invasiveness (22.4% vs. 19.8%, P=0.069). Current follow-up review revealed 9 disease-free patients (81%). One patient (9%) had pathological fine needle aspiration (FNA), and calcitonin-washout confirmed MTC recurrence on the left side of the lateral neck with calcitonin levels of 49.7 ng/L (reference, 2-10 ng/L) and carcinoembryonic antigen (CEA) serum levels of 2.1 mcg/L (reference, 0-2.5 mcg/L). One patient died due to other non-thyroid-specific reasons. 
DISCUSSION
MTC is a rare and aggressive type of thyroid cancer with several distinctive features that distinguish its management from PTC. Since MTC was first recognized as a distinct tumor in 1959, it became clear that MTC is more difficult to cure than PTC and has higher rates of recurrence and mortality (1,2). In addition, unlike PTC, there is no known effective systemic therapy for MTC (2) .
There are only 30 reports describing a total of 50 cases in the English literature describing the concurrent occurrence of both PTC and MTC in the same thyroid gland. This study represents one of the largest case series. The question remains as to whether the finding of another thyroid cancer in these patients was coincidental or from possible activation of a common tumorigenic pathway for both follicular and parafollicular thyroid cells. It is apparent that in the last decade, carcinoma of the thyroid is becoming increasingly prevalent. In fact, the incidence of thyroid carcinoma in Europe has increased during the period 1978-1997, by 3% each year, largely due to PTC (1) . In Italy, PTC is the most frequent thyroid cancer and shows a significant increase of incidence rates (1).
The pathogenesis of thyroid malignancy is unknown, but an underlying common genetic drive has been hypothesized. The process of thyroid oncogenesis is conceived to be a series of events induced by genetic and environmental factors that alter thyroid cell division and growth control. These factors can be considered as initiators and promoters (5) . The first class of factors induce incipient tumorigenesis, while the second augment thyroid stimulating hormone (TSH) secretion and radically increase tumor growth (5) . Normally silent, intracellular proto-oncogenes can become activated by chromosomal translocations, deletions, or mutations, and can transform normal thyroid cells into ones with uncontrolled division and growth (5) . The most significant known cause of thyroid carcinoma is exposure to external or internal ionizing radiation (5) . Several early events have been implicated in the neoplastic transformation of thyrocytes, and reports have described the involvement of specific genetic alterations in different types of thyroid neoplasms (5) . The studies revealed that the RET proto-oncogene is involved in the oncogenesis of MTC and PTC by activation of tyrosine kinase either by point mutation or rearrangement (5) . Activation of germline point mutations in the RET receptor is responsible for multiple endocrine neoplasia type 2-associated MTC, whereas somatic RET rearrangements are prevalent in PTC (5).
In the literature, there are 12 reports describing cases of mixed MTC and PTC (3,4). Apel et al. (6) first proposed the term of "composite thyroid carcinoma." This can be explained if we consider the theory of a common stem cell, proposed by Ljungberg et al. (7) . According to this theory, the ultimobranchial body is the most likely source of this putative common stem cell because the nests of these cells in the thyroid gland show immunoreactivity for both thyroglobulin and calcitonin, suggesting that the ultimobranchial body may contribute to both parafollicular and follicular cells (6, 7) . In contrast to this theory, Volante et al. (8) proposed that the components of the 2 carcinomas are not derived from a single progenitor cell because they observed different patterns of RET proto-oncogene mutation (loss of heterozygosity and X-chromosomal inactivation) in many of these tumors. Furthermore, it has been presumed that there is a presence of unknown factors which are necessary for the stimulation of follicular cells, as well as the detection of these substances in the MTC of mixed medullary and follicular carcinomas and their absence in classical MTC has been noted (8) . Recently, Rossi et al. (9) reported 3 cases of mixed MTC/PTC tumors in which 2
